Data storage relies on the handling of two states, called bits. The market of mass storage is currently still dominated by magnetic technology, hard disk drives for the broad public and tapes for massive archiving. In these devices each bit is stored in the form of the direction of magnetization of nanosized magnetic domains. While miniaturization is the conventional way to fuel the continuous increase of device density, disruptive solutions are also sought after. To these pertain in recent years many fundamental studies no longer considering the magnetic domains themselves, but the manipulation of the domain walls (DWs). In magnetic dots of submicrometer dimensions, the magnetization has a tendency to curl along the outer edges of the nanostructure to close its magnetic flux and thereby to reduce its magnetostatic energy. Then both domains and DWs of well-defined geometries arise, whose combined manipulation has been proposed as a multilevel magnetic storage scheme. For example in nanodisks, the chirality of the flux closure and the vertical polarity of the central magnetic vortex provide two bits, which has led to many studies in recent years. In our study we have been one step further and demonstrated the manipulation of dots with three degrees of freedom. This was achieved considering elongated dots, in which the central vortex is replaced by an elongated DW. Micrometer-sized faceted epitaxial Fe(110) dots self-assembled under ultra-high vacuum and prepared using pulsed laser deposition have been used as model systems (Figure 1(a) ) [1] . Beyond its vertical polarity, such a domain wall possesses an extra degree of freedom: at both upper and lower dot surfaces the magnetization of the DW turn in-plane to minimize magnetostatic energy. These areas are called Néel caps (NCs) and are antiparallel to each other in the absence of external field as seen in Figure 2 (a-c) [2] . The extra degree of freedom is therefore whether the NCs are in a (-,+) or (+,-) state (Figure 2(d) ). We predicted by simulation that NCs should turn parallel upon application of an external field along the short axis of the dots, while both chirality and DW polarity should remain unchanged. Then upon decreasing the field back to zero, state (+,+) switches back to (+,-), while state (-,-) switches back to (-,+), shown in Figure 2 (e). Our experimental confirmation came from the use of the French-Soleil LEEM-PEEM Elmitec instrument currently hosted at the Nanospectroscopy beamline. Exploiting the magnetic sensitivity owing to X-ray Magnetic Circular Dichroism (XMCD), the collection of emitted photoelectrons (PEEM) allows one to build surface magnetization maps with a spatial resolution around 25 nm. NCs are then revealed as a thin stripe of dark or light contrast along the length of the dots, depending on the (+,-) or (-,+) state (Figure 2(c) ). As magnetic fields are hardly compatible with low-energy electrons the magnetization process was performed off-stage, and observed a posteriori. For each field several tens of dots were imaged as in Figure 1(b,c) . In this way a mean switching field of 100 mT was found, in close agreement with simulations [3] . In addition, the process could be monitored in real time under applied field using Lorentz Microscopy [3] . Beyond potential applications in data storage, this study should mainly excite our physicist curiosity about the extension of the concept of magnetization reversal to the inner structure of DWs, beyond the classical case of extended domains, and trigger new studies in this direction.
